Relations and The managements of the American auto companies apparently accepted the proposition that industrial relations practices on the shop floor contributed significantly to their competitive problems. In the 1980s they argued that better practices were necessary to avoid layoffs and further erosions in market share.3 Often their arguments led to changes in industrial relations that gave managements greater discretion in allocating workers (and lessened the power of formal negotiated rules), increased the pace of work, and attempted to facilitate greater cooperation between mapagement and the work force.4 These new work rules and the pay concessions that often accompanied them received wide attention in the press, in part because the auto industry had been the pacesetter in collective bargaining since World War II.s American management generally focused its efforts to improve shop floor practices on reducing the number ofjob classifications, hoping that such reductions would lead to lower costs. In a number of plants they pressed for the introduction of team systems of work organization and a lessening of the importance of seniority rights in intraplant transfers and 
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Brookitigs Papers on Economic Activity, 3:1987 has so far been limited by the lack of consistent measures for the practices and the economic performance of a large sample of plants. To remedy this deficiency, we surveyed work practices in the plants of one of the major American auto companies. The survey was carried out with the cooperation of company executives and union officials, but for proprietary reasons we cannot reveal the name of the company. The survey included measures of work rules and the extent of worker participation in shop floor decisions in 1979 and 1986. We used the survey data and corporate measures of product quality and plant productivity to analyze the effects of industrial relations practices on plant economic performance.
The issue that motivated our analysis is the extent and nature of the contribution of industrial relations to the competitive position of American auto companies. To assess that issue, policymakers need to know how American productivity compares with that in foreign auto plants and in plants operating in the United States that are owned by Japanese auto companies (the so-called transplants). Comparative company and country data also are necessary to identify the extent to which differences in industrial relations practices explain productivity differences.
To address these issues, we analyzed data collected by John Krafcik on labor productivity in auto plants in a variety of countries. The data were particularly useful because they compared the productivity in union and nonunion plants in the United States and the performance of the domestically owned plants and the transplants.
Our analysis adds the effects of the industrial relations system to a standard economic production function analysis. We assumed that production is a function of industrial relations practices in the plants as well as of capital and labor. We hypothesized that industrial relations affect economic performance primarily through two channels: discretion exercised by management and the level of cooperation between management and labor. 10 We expected plant economic performance to be better the greater the degree of discretion exercised by management in the allocation and pace of work and the greater the extent of labor-management cooperation. 
Measures of the Plant Industrial Relations System
To measure the discretion exercised by management and the level of labor-management cooperation, we surveyed the chief industrial relations manager in each plant.'2 The survey included twenty-three questions concerning managerial discretion and the pace of work-amount of relief and idle time; procedures used to allocate work hours, job 11. The CAW seceded from the UAW in early 1985; however, the secession, per se, did not lead to significant changes in the work practices in Canadian plants. The 12. The development of the work practice survey involved extensive consultation with a group of experienced industrial relations managers from the company. We are grateful for their assistance.
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Brookings Papers on Ecotnonomic Activity, 3:1987 transfers, layoffs, and recalls from layoff (including the role of seniority in those policies); number of job classifications for production, nonskilled (nonproduction), or skilled trades workers; and other work organization issues (see questions 1-23 in appendix B).
We scored these questions so that management clearly would prefer a numerically higher score while the work force would prefer a lower one-a higher score indicated either a faster pace of work or greater discretion exercised by management in the allocation of job tasks (and typically a less important role for seniority rights). Thus by aggregating the scores we could infer the extent to which work rules and work practices favored management. It should be kept in mind that the plants varied widely in the degree to which they included team systems, which have few formal job classifications and relatively broad definitions for productionjobs.
Our previous field work in auto plants had indicated that labormanagement cooperation was greater when workers and union officers participated more extensively in decisions that affected the plant and the production process. In this survey we thus assessed the extent of worker and union participation with twenty-five additional questions on the extent to which the hourly work force or union representatives participated in decisions involving the implementation of new technology on the shop floor, received information on costs and quality in their work area, used statistical quality control techniques, or participated in hiring, overtime scheduling, and training decisions (see questions 24-48 in appendix B).
Corporate records of the number of written grievances per onehundred hourly workers constituted an additional indicator of labormanagement cooperation. We expected that where grievances were fewer, the extent of cooperation would be greater. We also used the absentee rate in each plant as an indicator, expecting high rates to indicate poor worker morale and poor cooperation. The data included the percent of the hourly work force absent for unexcused reasonswhat the company called controllable absenteeism-from corporate records. Excused absences included such things as illness or jury duty.
Recently, various theories have proposed that worker effort should be related to the cost ofjob loss. Where workers have more to lose from being fired for poor performance or by being laid off because of a plant closing, they should shirk less and cooperate more extensively with management.'3 Thus these models have predicted that where the labor market provides more attractive alternatives, on-the-job performance should be poorer. Between 1979 and 1986 this company, like other American auto manufacturers, was closing plants to reduce excess production capacity. The possibility that a plant with poor productivity would be closed was consequently not an idle threat. We therefore tested the efficiency-wage prediction with measures of the attractiveness of the labor market alternatives available to each plant's work force. A wage differential between the plant and the local labor market was calculated by dividing the average hourly wage in each plant by the average wage received by production workers in the plant's labor market area. The unemployment rate in the SMSA in which each plant was located was used as another indicator of the attractiveness of labor market alternatives. 14 
Reducing the Dimensionality of the Responses
Before we could use a regression analysis of the data, we had to resolve the following problem. The number of measures of managerial discretion and labor-management cooperation yielded by the survey was too large to handle within a regression framework. Efforts to identify a meaningful subset of variables were plagued by multicollinearity among many of the most important ones. To solve this problem, we reduced the number of variables by using a confirmatory principal components regression analysis. We divided the forty-eight survey questions into those aimed at capturing the extent of managerial discretion (1-23) and those designed to assess worker and union participation (24-28). We then made a qualitative determination about (that is, we signed) each variable in the two subsets and applied principal components to each 13 (appendix A describes the statistical properties of principal components analysis).
The major principal components that were derived from analysis of the responses confirmed our predictions about the way each issue influenced managerial discretion and worker participation. All significant component coefficients were signed in the predicted direction. In this sense the method was confirmatory, not exploratory. Also, the first two components produced by each subset were readily interpretable when we focused on the significant component loadings (those questions with coefficients greater than .45). These loadings divided by the component's eigenvalue were used to weight the standardized variables. The variables were then summed to form indices for each plant that were later used in the regressions.
We retained the first two components generated by the application of principal components to questions 1-23. 15 The signs of the component loadings on the individual questions were in the predicted direction. For example, the percentage of production workers expected to learn different jobs within their work area (question 10) had a positive sign (more favorable to management). Furthermore, these two components appeared to identify two very different types of work-rule policies. The questions with component loadings greater than .45 in the first component (Teams) measured rules associated with team work systems. For example, the percent of hourly workers paid for the number of jobs they performed rather than for the specific job on a given day (question 9) was a key indicator of the use of work teams and had a coefficient of .63 in the first management discretion component. Table A-I in appendix A lists the signs and coefficients on those questions in the two managerial discretion components with coefficients greater than .45. The questions in the second managerial discretion component (Mandis) with weights greater than .45, however, concerned the pace of work and aspects of managerial discretion unrelated to teamwork. For example, the per-15. These two components accounted for 39 percent of the common variation in the questions on management discretion. We experimented with three additional methodologies to analyze management discretion and participation. We applied a principal factor method to questions 1-23, which was able to explain 35 percent of the common variance. We also standardized and summed the responses to the questions, using the predicted sign. Finally, we selected a subset of the responses and used the direct responses. The regressions did not vary with these different nmethodologies.
centage of workers that have a right to earned idle time (question 3) had a coefficient of .59 in this component.
A principal component analysis was similarly used to generate summary measures of the responses to the questions on worker and union participation.'6 Table A-1 also lists the signs and coefficients on the questions in the two participation components with coefficients greater than .45, using the responses from questions 24 through 48.17 Questions with weights greater than .45 in the first participation component concern work group activities (Wrkgrppar), the extent to which information about costs and product quality was received on a regular basis by a plant's work groups, and the extent of worker involvement in group decisionmaking. For example, the percentage of employees with the responsibility to design, time, and lay outjobs in their work area (question 36) had a weight of .80 in the first participation component.
The questions that weighed heavily in the second participation component (Techpar), in contrast, concerned the extent to which workers or union representatives were involved in the implementation of new technology on the shop floor (questions 24-27).
Economic Performance Measures
Our data included various indicators of the economic performance of each plant in 1979 and 1986. We used an annual plant average of a corporate quality index derived from a count of the number of faults and demerits that appeared in inspections of each plant's products. 18 The company keeps track of the hours of production workers' labor used to produce each vehicle in each plant, but the number of these 16. The first two components explained 45 percent of the common variance in the responses. A principal factor analysis explained a higher level of the common variance (64 percent). We also validated our procedure by standardizing and summing the responses to the twenty-five participation questions, using the predicted sign. Finally, we selected a subset of participation questions and used the direct responses. Again, regardless of the method, the regressions yielded similar results.
17. As with the managerial discretion components, the signs of the significant coniponent coefficients on the individual participatioin questions were in the expected direction, namely, more worker or union involvement was associated with a higher coefficient.
18. This index can be criticized because it counts all faults equally and does not weight quality problems. It was also not clear that the corporate quality auditor-s focused on the quality problems perceived by customers. hours is available for 1979 and 1986 only for final vehicle assembly plants. The company also generates a labor efficiency index for each assembly plant by dividing production worker hours by the standard number of hours each plant is expected to use to assemble the mix of vehicles it produces. The labor standards used in this index are generated by the company's industrial engineers and include considerations of variations in product complexity. We were not certain of the accuracy of the company's correction for product complexity in the computation of standard labor hours, so our analysis used both the raw number of labor hours and the adjusted labor hours.
Our survey of plant work practices recorded the number of first-line supervisors and production workers in each plant. One of the frequent criticisms of management in American auto companies is that there are too many levels of management and too many managers (including supervisors) relative to production workers, especially when compared with Japanese auto companies. 19 We calculated the number of supervisors per production worker in each plant and expected that more efficient plants would have fewer supervisors per worker. There are, however, problems with using this ratio as an indicator of plant peiformance. Having fewer supervisors per worker does not necessarily indicate lower production costs. It may mean only that supervisory duties have been assigned to other managers or that supervision is being accomplished through other methods. Yet the number of supervisors should shed some light on plant performance, and it had two particular virtues in our study. In contrast to the measures of hours worked, this number was available for nearly all the plants for 1979 and 1986. Furthermore, the number of supervisors per production worker was generated by the survey; it was not part of the company's normal accounting system, from which we acquired our other measures. Our experience with corporate accounting controls suggests that plant managers may sometimes make the numbers look good while not necessarily improving plant performance. An indicator of plant performance that does not come from corporate accounting controls may avoid some of the biases that appear in the other measures of plant performance. Table 1 reflects the diverse quality of the industrial relations and economic performance of the plants sampled. Despite the common employer and the national collective bargaining agreements, the plants show a wide diversity in labor hours per vehicle, product quality, and grievance and absentee rates. In 1986, for example, grievances per onehundred workers varied from a low of 1.3 in one plant to 158.5 in another. The absentee rate varied between 1.1 and 4.2 percent of the work force on average throughout the year, the product quality index ranged from 119 to 143, and production worker hours required to assemble a car ranged from 21.2 to 43. 1. Even after adjusting the labor hours for labor standards, one plant used 6 percent more hours than the standard to assemble its product mix while another used 32 percent more. The number of supervisors varied from 1.8 per one-hundred production workers in one plant to 20 in another. 20 The variation among plants in the extent of managerial discretion and worker participation was also extensive. For example, in 1986 the number ofjob classifications for production workers ranged from 1 to as high as 155. The percentage of the work force that discussed with management how new technology would affect job duties (question 26) ranged from 0 in some plants to 100 percent in others.
Diversity among Plants
What is the source of this variation? Are we observing different but nonetheless equally efficient industrial relations practices among plants? If not, why do different practices persist? Our field observations in these plants suggested that the variation in the amount of discretion exercised by management and the pace of work arises and persists as a consequence of differences in the bargaining power held by workers and their local unions.21 Workers and the UAW locals generally prefer more limited management discretion in allocating work and regulating its pace. Yet the extent of worker and union bargaining power varies (and has varied) 20. This variation was not narrowed significantly when we controlled for differences in plant type or separated the plants into Canadian and U.S. subsamples. Nor was the variation in labor hours eliminated when plants in start-up phases were excluded. This diversity was similar to that found in Katz, Kochan, and Gobeille, "Industrial Relations Performance."
21. See Katz, Shiftinig Gears, pp. 13-48. Variations in discretion exercised also derive from recent efforts by American management to change work organization radically by introducing team-oriented work systems. The goal of introducing team systems is to lower costs and increase production flexibility by broadening worker tasks and decentralizing decisionmaking. These systems typically involve fewer job classifications and fewer rules governing worker movements and responsibilities as rulemaking becomes less the province of formal negotiations and more the responsibility of the teams thenmselves. Yet in some plants the introduction of team systems has been slowed by resistance from workers, unions, or management and by implementation problems.22 Consequently, the use of the systems varied extensively among plants in the data set. The degree of worker and union cooperation with management also differed substantially. Some plants were characterized by bitter adversarial relations, while in others unions and workers participated extensively in business and production decisions. This variation was due in part to differences in worker and management attitudes in the company and to differences in bargaining leverage that influenced the degree to which either party could enforce its preferences.23 Workers and local unions varied widely, for instance, in how much they were ideologically opposed to management and to efforts to improve plant performance. Although the UAW and the company management have tried to initiate various worker participation and labor-management programs in the past fifteen years, the spread and depth of these programs continues to vary substantially among plants and to contribute to significant differences in the levels of labor-management cooperation.
Regression Analysis of Company Data
To what extent is the variation in economic performance apparent in the dependent variables. Equations for tables 3 to 5, with labor hours, adjusted labor hours, and product quality, were estimated using weighted least squares, with plant employment used as the weights to avoid heteroskedastic errors. Since the level of supervision is measured as a percentage of the work force, with a restricted range between 0 and 1, ordinary least squares is an inefficient and potentially biased estimator when the ratio of supervisors to production workers is the dependent variable. Instead, to estimate the equations listed in table 2, we used a logit for grouped data, applying weighted least squares to correct for heteroskedasticity. production workers in a plant. Using the ratio, the logit was written as the log-odds ratio of observing a supervisor on the shop floor.26
In the face of the potential biases resulting from estimation of this reduced-form equation, tables 2 through 5 show the estimation results with various combinations of included independent variables. In column 3 of tables 2 through 5 we report the estimation results with the 26. The log odd is linearly conditioned on a set of explanatory variables, where ln (pill -pi) = B'X + e. The pi's are the proportion of supervisors in relation to all production workers, and are assumed to be mutually independent and drawn from a random binomial population. Since the error term is heteroskedastic, weighted least squares is the appropriate estimating procedure. The weight is constructed as follows: wi = nipi (1 -pi), where wi is the weight for the ith observation, ni is the number of workers and supervisors in the ith plant, and pi is the proportion of supervisors in the ith plant. This weighted least squares estimator is known as the minimum logit chi-square method. We focus here on the results where the number of supervisors and labor hours are used as dependent variables (tables 2 and 3), since the economic significance of the coefficient estimates in these equations is easier to interpret. More extensive use of teams (controlling for the level of worker participation), as indicated by a higher score for Teams, caused more supervisors and labor hours. In table 3, equation 2, the association between Teams and labor hours is statistically significant at the 1 percent level.
Furthermore, the negative effects on productivity from the use of teams were sizable. The coefficients in equation 2 in tables 2 and 3 imply that a one-standard-deviation increase in Teams leads to 3.0 more supervisors per one-hundred workers in the plant and 7 hours and 28 minutes more labor time required to assemble each car.
The negative effect of the use of team systems on plant productivity did not appear to derive from their expanded use in plants that had low productivity due to some other (unmeasured) factors. Plants with relatively low labor hours in 1979 (or fewer supervisors) were slightly more likely to experience increases in the use of teams between 1979 and 1986. This is indicated by the fact that the simple Pearson correlation coefficient between the change in Teams from 1979 to 1986 with labor hours in 1979 is -.16. The simple correlation between the change in Teams from 1979 and 1986 and the number of supervisors in 1979 is -.19.28 While neither correlation was statistically significant at conventional levels, the lack of significant positive correlations allowed us to reject the argument that teams were introduced more frequently in plants that were already performing poorly.
Greater managerial discretion in interpreting work rules and a faster pace of work, as indicated by a higher score in Mandis, caused fewer supervisors and labor hours. In table 2, equation 2, the association between Mandis and the number of supervisors is statistically significant at the 1 percent level. The magnitudes of the effects of greater managerial discretion also are sizable. The coefficients in equation 2 in tables 2 and 3 imply that a one-standard-deviation increase in Mandis caused 8.5 fewer supervisors per one-hundred workers and 1 hour and 49 minutes less to assemble a car.
More extensive worker and union participation in decisionmaking (controlling for the extent of managerial discretion) also leads to fewer supervisors and labor hours. In equation 2, table 3, the association between Wrkgrppar and labor hours is statistically significant at the 5 percent level. However, the other associations between the participation 28. The number of observations in these correlations was nineteen.
indices and the number of supervisors and labor hours in equation 2, tables 2 and 3, are not statistically significant.
Although the statistical significance of the participation indices were weak, the estimated size of the effects suggested that these variables were important. The coefficients in equation 2, tables 2 and 3, imply that a one-standard-deviation increase in Wrkgrppar leads to 2.4 fewer supervisors per one-hundred workers and 4 hours and 41 minutes less time to assemble a car. A one-standard-deviation increase in Techpar causes 1.5 fewer supervisors and 1 hour and 25 minutes less time.
In the equations reported in tables 4 and 5 the same patterns hold. More extensive use of teams generally caused higher adjusted labor hours and lower quality across the estimated equations, while greater managerial discretion and a faster work pace (higher values of Mandis) and more participation (higher values of Wrkgrppar and Techpar) generally caused fewer adjusted labor hours and higher quality. Not many of the coefficients on the principal components in the estimated equations reported in tables 4 and 5, however, were statistically significant at even the 10 percent level.
Measures of the external labor market (the unemployment rate and the wage differential between the plant and the local labor market) did not affect plant economic performance in the hypothesized manner. In equations 1 and 5 in table 2, in fact, a higher plant wage relative to the wage in the local labor market led to more supervisors, not fewer as predicted by a "shirking" hypothesis of efficiency-wage theories, and the coefficient on the wage differential variable was statistically significant at the 5 percent level. In equation 5, table 3, a higher unemployment rate led to more labor hours, again a result opposite to that predicted by the shirking hypothesis, and the coefficient was statistically significant at the 5 percent level.
The equations reported in tables 2 through 5 provide little evidence that higher grievance rates led to lower plant productivity. Higher absentee rates were associated with lower product quality at the 10 percent and 5 percent levels of statistical significance in equations 1 and 4, table 5, and higher absentee rates were associated (at the 5 percent level) with more adjusted labor hours in equation 1, table 4.
The principal components analysis of the management discretion and worker participation questions may have missed or blurred the importance of particular work practices. As an alternative to the principal components analysis, we chose those survey questions (numbers 1, 10, 17, 19, 21, 25, 31, 43, 48) that we thought concerned the most critical work practices, based on our knowledge of the auto production process, and entered the survey responses to them directly into equation 1 in place of the principal component indices. The results were consistent with the ones reported above. Responses indicating greater managerial discretion and faster work pace positively affected productivity and product quality. Responses indicating greater use of teams had either a negative effect or no effect on labor productivity a.nd product quality. Greater worker participation, as reflected in higher scores for these responses, caused higher productivity (fewer labor hours) and better product quality. The number of production-worker job classifications, however, consistently had no statistically significant effect on either labor hours or product quality.29 This result was particularly striking in the face of the emphasis American management has put on reducing the number of these job classifications.
To control for the influence that unmeasured plant-specific effects may have exerted in equation 1, we estimated an equation using a measure of change in plant-level economic performance between 1979 and 1986 as the dependent variable and measures of change in the industrial relations system as the independent variables. This was equivalent to estimating a fixed-effects model and assuming plant fixed effects were identical in 1979 and 1986. These equations were estimated with the change in either product quality or the number of supervisors per production worker as the dependent variable; our sample was too small to estimate such an equation with labor hours or adjusted labor hours as the dependent variable.30 In the estimated change equations none of the coefficients on the independent variables was statistically significant at even the 10 percent level. 
Effects of Work Practices on Productivity among Firms
The foregoing discussion has analyzed the contribution of industrial relations practices to the productivity among the plants of one American auto company. The data suggested that differences in such practices contribute significantly to differences in plant productivity. The data also showed that team systems of work organization in this firm did not yield positive results. We now turn to a data set that allows us to compare the labor productivity in this firm with that in a broad sample of U.S. and foreign auto plants.
These Krafcik calculated the labor productivity in twenty-nine assembly plants owned by a variety of companies and operating in a number of countries. He calculated the number of hours of hourly and salaried labor used to accomplish a group of designated standard activities on a product standardized by size, option content, and weld requirements. The number of workers involved in assembly operations in each plant and the number of vehicles assembled were counted and then standardized across plants by adjusting for the complexity of the product and excluding labor hours used to perform nonstandard final assembly tasks. The exclusion essentially adjusted for differences in corporate structure and the degree of vertical integration in corporate assembly and related operations. Making these adjustments was difficult and required knowledge of plant operations acquired through visits and through familiarity with the automobile assembly process.
Krafcik's calculations contrast with economists' traditional efforts to derive marginal production costs from a production function analysis. Do industrial relations practices contribute to the superior performance of the transplants? The transplants do use manufacturing and industrial relations practices that are similar, although not identical, to Japanese practices. The NUMMI plant, for example, uses work teams and has only four job classifications (one for production workers and three for skilled trades). Unlike the two other transplants, the plant is unionized (UAW). Unionization per se, however, does not appear critical. Krafcik's data showed that NUMMI's labor productivity was nearly identical to that of one of the unorganized transplants and 18.1 percent higher than that of the other. It is difficult to draw strong conclusions with such limited data, but NUMMI's experience suggests that it is possible to operate with unionized labor and come very close to Japanese levels of productivity.36 Like their sister plants in Japan, the transplants do seem to have found a way to link team systems and informal industrial relations to decentralized and effective manufacturing practices .3 Krafcik' s analysis of his data lends further support to this view: he found that an index of management policy measuring the use of team systems, dedicated repair space, visual control of the production process, and the absentee rate was a strong predictor of productivity and product quality.38 Nonetheless, for the transplants as well as the Japanese plants, we do not yet have sufficient data to assess the contribution of specific shop floor practices as we did for the American auto company we analyzed.
Summary and Policy Implications
Much of the debate and conflict in American industrial relations in recent years has focused on changes in shop floor work practices. Confronted with intensified international competition, management and labor are searching for ways to lower costs and improve quality. Management continues to press for fewer job classifications, higher work loads, and greater discretion in allocating human resources. Unions sometimes oppose these changes, in part because they remain unconvinced that the changes will lead to improved competitiveness and employment security.
Our analysis suggests that it is important to distinguish between various types of work practices. Some practices influence the pace of work and the degree of discretion exercised by management, while others affect the degree of worker and union participation in shop floor decisions. Our analysis of plant-level data from one American company indicates that where there is less relief and idle time and more managerial discretion in the allocation of overtime, layoffs, and job transfers, labor hours and the number of supervisors per production worker are significantly decreased and product quality is improved. Yet, greater use of team systems in this company has led to substantially higher labor hours and more supervisors. We found no evidence that plants with fewer production-worker job classifications performed better. The absence of positive results from adopting work teams and reducing production-workerjob classifications was particularly striking in light of the fact that a number of auto and other companies have recently invested so much effort in shifting to these kinds of work practices.
Although the use of work teams does not per se appear to increase productivity, our data do suggest that increased worker and union participation in work group and technology-related decisions has decreased production costs and improved product quality. The statistical associations between our measures of participation and plant economic performance, however, remain weak.
It is possible, of course, that the negative effects of work teams on plant productivity in the company we analyzed resulted from problems associated with introducing the system and that teams may yet help improve productivity (they were first introduced into this company in the late 1970s). Furthermore, teams do represent a significant departure from traditional American industrial relations practices, and their successful implementation may require other changes in managerial practice and worker attitudes that take time to accomplish. Yet it is surprising that even by 1986 there was no evidence of a positive return from the use of teams.
Data collected by John Krafcik have showed that the labor productivity of Japanese plants and Japanese-owned transplants operating in the United States is high relative to that of the average American plant. Our field observations of plants in Japan and of transplants suggest that reliance on teams and the use of fewer job classifications contributed to the high performance of these plants. The Japanese auto companies benefit from team systems because the systems are linked to decentralized manufacturing practices, a linkage missing in the American auto company.
American auto companies and the UAW are counting on changes in work rules spurred by expanded employment security to improve competitiveness. If auto company managements use any new cooperative spirit on the part of the work force to introduce team work systems more rapidly, our data suggest the teams will be counterproductive unless they promote increases in worker and union participation in shop floor decisions and unless they are linked to revised manufacturing practices. Furthermore, the data suggest that plant performance also can be improved by changes in work rules that increase the pace of work and allow greater managerial discretion in assigning work. Workers often find such increased managerial power distasteful, and it is possible that the new employment security programs at Ford and General Motors will reduce worker incentives to make such work rule changes. The new employment security programs at Ford and General Motors will prove extremely costly if auto workers come to believe that these programs insulate them from the need to improve plant productivity and to modify industrial relations. What appears necessary are integrated changes in work and manufacturing practices that increase worker participation and lower production costs.
Krafcik's data suggest that the interests of the American consumer can be promoted by encouraging the expanded operation of Japaneseowned transplants. These plants have high productivity even when, as in the case of NUMMI, they operate with a unionized work force.
In the face of the dramatic depreciation of the dollar against the yen in the past two years, the transplants likely will become important competitors with American auto companies. Such a challenge will make it even more important to understand which industrial relations practices contribute to the high productivity of Japanese transplants and how much they contribute. We also need to understand why the American auto company we analyzed received so little benefit from its expansion of team systems and reductions injob classifications. The need for more research is obvious. 
Comments and Discussion
Edward Lazear: Most of the discussion of productivity in recent years has been of the popular variety, with evidence consisting more of rumors than of facts. Harry Katz, Thomas Kochan, and Jeffrey Keefe provide the first hard empirical evidence on the effects of various industrial relations approaches on productivity. For this reason, the paper is both interesting and important. But like Marc Antony, a discussant'sjob is to bury the authors, not to praise them, and there are some ways the paper might be improved. I will comment on problems of structure, of measurement, and of interpretation, and on some more technical disagreements. First, the entire structure of the authors' approach seems unusual. The authors think in terms of a tension between workers and management over work rules and other issues. For example, they write, "We scored the work rules question so that management would clearly prefer a high response, while the work force would prefer a low response. A high response to work rules questions indicated either a faster pace of work or greater discretion exercised by management in the allocation of job tasks." At first blush, it certainly seems reasonable that workers and management would have differences of opinion about how hard a worker should work. But virtually all economic analyses that look at the interaction between workers and firms conclude that the firm, even in a monopsonistic setting, maximizes workers' welfare for a given level of profit. Stated alternatively, profit maximization is consistent with making the worker as well off as possible per dollar of profit. What is not clear from reading the paper is that dollars are not allowed to adjust. That is, the authors implicitly assume that management actions are taken without any adjustment in the price paid to labor. This assumption is problematic because the heart of the issue is the effect of work rules on cost. Cost can go up either because hours used per automobile go up or because hours per automobile stay constant but the price paid to labor goes up. Workers who are forced to work in a less attractive environment must be compensated through higher wages. That is true even in a union setting, and for this reason I believe the methodology is somewhat flawed. This is more than a mere measurement problem. By not modeling cost and productivity explicitly, the authors have tricked themselves into thinking that their dependent variables are more closely related to the relevant concept than they are. It is not sensible to talk about whether one approach to industrial relations is better than another without looking at the effects of that approach, effects not only on factor utilization but also on the prices paid for those factors. Once one does that, any tension between management and labor on that particular score is less viable.
The same point is more concretely relevant in assessing their results. The authors find that greater managerial discretion implies higher productivity when measured through fewer hours. That may well be true, but the question is whether labor hours by themselves are relevant. They are certainly of interest, but they are not the whole story. If greater managerial discretion means more output per hour, but also means that management must increase compensation to labor by more than the savings in terms of labor hours, then one would hardly argue that giving greater managerial discretion is an appropriate tool for improving the American automobile industry's standing vis-a-vis the rest of the world.
Let me turn to a somewhat different, but also structural, problem. The authors are aware that there is some potential for simultaneity bias in almost all empirical analyses. However, awareness is not sufficient; bias must be addressed in a much more careful fashion. The reason is as follows: most of the data they have are cross-sectional. Although they have a panel data set, little is gained by using the panel aspects, and one must ask, then, why some plants use one approach to industrial relations while others use another. Put more concretely, the authors find that performance measures vary greatly by plant. Surely the company must be aware of some of these differences, or else one would have to claim that it is totally naive about the effect of industrial relations policy on performance or that the variations are spurious. One can interpret differences across plants and performance in two ways. One is that the firm has installed industrial relations practice in a random way and the differences reflect those practices. The other is that all the relevant factors have not been held constant; the given industrial relations practice is the optimal one for any given plant, but labor productivity varies for reasons other than those observed in the data. I find the second explanation more plausible, especially since the variation among plants is probably stable over time. The authors could certainly check to see whether this is true. If it is stable over time, the firm should have learned that certain plants are more productive and have adopted the practices used there.
The major measurement problem has to do with the failure to nmeasure capital. A reduction in hours worked, although perhaps the best measure of improvement in productivity, is not sufficient. For example, suppose that one particular industrial relations approach creates so much tension between management and labor that management chooses to reduce its labor force dramatically and emphasize robotics to avoid conflict that comes from having to deal with people rather than machines. The authors would observe that as an improvement in productivity because labor hours per automobile fall, when in fact unit costs have risen. The authors are clearly aware of this problem, but some attempt to adjust for it might be important. This comes up specifically in a number of contexts. One of their dependent variables for measuring productivity is the number of supervisors. If supervisors increase but workers decrease sufficiently, unit costs could have gone down. This is the equivalent of not holding capital constant-in this case the capital is supervisory capital. They also use grievances per hundred workers as a measure of labor-management conflict. One way to reduce grievances is to fire those workers who make the most trouble or somehow induce them to leave. Such a policy could reduce grievances per hundred workers but might increase unit costs.
Measurement problems also come up in the context of the authors' test for efficient wages. Although some models, namely those that result in markets that do not clear, require that the wage at one plant be higher than the wage in the community as a whole, other models that provide for increases in effort do not require higher wages. Rather, they require that the age-earnings profile be steeper but that the average level of wages can be the same as elsewhere. Specifically, my mandatory retirement model argues that workers are paid less than they are worth when they are young and more than they are worth when they are old as an incentive mechanism. This could very well leave the average wage at the firm equal to the average wage in the community, but slopes would be different. It would be interesting to see whether the slope of the ageearnings profile, rather than the difference between wage at the firm and wage elsewhere, has an effect on the measures of productivity.
A final measurement problem concerns the accounting data by John Krafcik that the authors cite. Many years ago, Milton Friedman pointed out that accounting data, appropriately compiled, will attach value to specific resources that make a firm more productive. For example, a farm located on better land should account for the rental price of the land at a higher rate than a farm located on poor land. In the limit, if factors are priced appropriately, accounting profits at all firms must be the same. Thus if different countries use different methods for evaluating specific resources, accounting data will have little validity in terms of real unit cost.
As for interpretation, the first difficulty concerns the principal components method. I find the names associated with the variables that the authors construct somewhat problematic. They would like to interpret RULES 1, for example, as teams by looking at the component loadings important in constructing that variable. Although this may be all right for some purposes, a better approach would be to include the variables that seem to count most directly in the regression and leave the others out. Researchers must, of course, choose which variables to include and which to exclude. For example, labor economists generally put WAGES as the dependent variable and do not create some variable called COMPENSATION that is a blend of wages, vacation time, pension benefits, and so forth. The reason is that most researchers believe the pecuniary component is the most important. Similarly, the authors should confine their attention to the more straightforward empirical approach. They report these more traditional regressions in the analysis, and I wish they would emphasize them to a greater extent than the principal components approach.
A second problem of interpretation has to do with the findings that a higher wage is associated with more supervision. There are a number of ways to interpret this finding. One is that workers must be compensated more if they work under closer supervision. Another is that the supervisor's wages are included in the average plant wage. Since supervisors earn more than workers, higher plant wages might reflect more super-720 Brookings Paper-s on Econiomic Activity, 3:1987 vision. My guess is that WAGE excludes the wages of supervisors, but this is not made clear in the paper. Even if that is not true, however, it is certainly the case that the age structure of the firm would affect the average wage, and I do not believe that structure was held constant in the appropriate way.
Another difficulty of interpretation has to do with the number of jobs learned by a particular worker. The authors assume management likes employees to be flexible and that workers do not. Again, if compensation is allowed to vary, the reverse may be true. Management might prefer workers to specialize in a certain task (along the lines of Adam Smith), whereas workers might prefer to learn a large number of jobs so that they would be better prepared if their current job situation were to change.
Let me conclude with a couple of technical points. First, when I saw that the data set was a panel, I thought that surely the authors would exploit the within-plant variation over time to obtain their results. Unfortunately, they spent very little time doing that, perhaps because the results were so disappointing. Most of their results come from analysis of cross-sectional variation rather than time-series variation for a given plant. Cross-plant variation may pick up too many other things. In the same vein, one would expect that productivity changes would differ depending on whether the institution of a particular industrial relations practice was anticipated or unanticipated. Anticipated changes mean that the firm is able to adjust capital, supervision, and other aspects; and labor is able to adjust in terms of demands for compensation and other work conditions. Again, I hoped that the time-series analysis might prove fruitful here.
In sum, there are a large number of potential difficulties with this paper. But the same can be said of almost any good empirical work. Katz, Kochan, and Keefe have taken a bold step toward providing us with some solid evidence on the effect of industrial relations practices on productivity. Despite some negative reactions, I find it the best available empirical work on the subject. The authors also review preliminary results from a study by John Krafcik, which is based on detailed investigation of manufacturing practices employed in thirty-eight assembly plants in thirteen countries. i Though Krafcik's work is not focused on labor relations practices to the extent this paper is, it does address many of the same questions. In preparing these comments, I have used both the version of the Krafcik paper to which the authors refer and a later version employing a somewhat larger and richer sample. Krafcik stresses that these later data should be considered as still preliminary. The authors' principal finding is essentially that team systems of production do not significantly improve auto industry productivity. This finding runs counter to the beliefs of many, including many in my own company, and also counter to Krafcik 2. Krafcik gives a plant in his sample full credit for using teams only if it has used "a team-style organization for at least one year," the one year cutoff serving "to differentiate between those plants which have just started using a team-style organization and are therefore still in a transition phase and those plants with more established team organizations." A plant also is credited with using teams only if "each team has a team leader, who has the capability of performing production work" (p. 29).
3. Ibid., pp. 78-83. Katz, Lochan, and Keefe seem to go to unnecessary lengths to criticize Krafcik's results, commenting adversely on the quality of certain of the corrections that he had to make and indicating that the sample size might be too small to yield definite results concerning teams. In my opinion, Krafcik has done a careful job of collecting his data and purging it of extraneous influences. The information content of his individual data points seems high, and his results both internally consistent and highly plausible.
4. General Motors Economics Staff, NUMMI Management Practices, January 1987. This study, which was undertaken to understand the reasons for NUMMI's superior productivity and quality performance, was coordinated by GM Economics Staff and conducted by a multistaff team including representatives from NUMMI, the GM Technical Liaison Office at NUMMI's Fremont plant, GM's two car groups, many other corporate It also has conducted cross-firm studies involving similar products produced by GM plants and by plants of its principal domestic and foreign competitors.5 (Using similar products obviates the need to adjust for product complexity, the adjustment that bedevils Katz, Kochan, and Keefe.) This latter work found that team systems are not uniform either in structure or effect.6 Some plants were able to achieve productivity levels nearly as good as NUMMI's without the use of teams. In other plants, the use of teams did not seem to improve productivity. (I am unaware of any documented case in which teams have impeded productivity, the result that Katz, Kochan and Keefe report.)
What the studies find is that, when used as part of a well-defined and internally consistent manufacturing system, a properly structured team system can be a powerful force for increasing productivity and improving product quality. But a crucial requirement for making team systems pay staffs, and the UAW. The study has important competitive implications and so has not been made available to the public.
The methodology employed was similar to that Krafcik used. Members of the study team visited NUMMI and the GM Technical Liaison Office several times, conducting many interviews with NUMMI and GM personnel. They also visited several of NUMMI's suppliers to discuss their relationship with NUMMI, interviewed GM experts on Japanese manufacturing techniques, studied NUMMI materials, and read a variety of articles and books on NUMMI and on the Toyota production system on which NUMMI's system is based. Employees at the Technical Liaison Office and NUMMI managers commented extensively on drafts of the report.
To contrast NUMMI practices with those of GM, team members interviewed GM executives and visited GM assembly and component plants. At the plants, top management, first-line supervisors, and hourly workers were interviewed to get as many perspectives on GM as possible. Because practices at GM vary from group to group, division to division, and plant to plant, most comparisons to GM were based on what the team determined to be typical GM practice and are not specific to any GM facility.
The study yielded other quantitative and qualitative results. The former are reported in tabular form. No effort was made to utilize multiple regression techniques.
General Motors Truck and Bus Group, Truck Manufacturing Practices Study,
August 1987. This study, which is also proprietary, was coordinated by GM Economics Staff and conducted principally by Truck and Bus Group staff and GM Economics Staff. It followed the NUMMI study, and there was some overlap in the two study teams. The Truck Manufcturing Practices Study focused on a single kind of light truck produced by both GM and its principal domestic and overseas competitors; it sought to explain major productivity differences observed across both the GM facilities producing the product and plants of GM's competitors.
6. Some of the GM facilities studied used forms of team systems, though in no case were these teams used in the way NUMMI's teams were. Some of the relatively more productive facilities of GM's competitors used teams and some did not. off significantly is that management practices, as well as other important labor relations practices such as policies concerning layoffs, be changed.
All team systems are not alike, and differences in team size and the degree of autonomy given teams can produce important differences in results. For example, teams at NUMMI consist of four to six workers as opposed to teams of fifteen to twenty at two GM facilities. Rotation is mandatory at NUMMI while GM relies primarily on voluntary rotation. What makes NUMMI's team systems different is what the company calls standardized work, in which each job is documented in detail. All workers must perform eachjob in exactly the same manner: no individual differences are allowed. This description makes NUMMI sound like an extremely rigid system, one that Katz, Kochan, and Keefe would consider favorable to management. But something quite different is involved. In fact, at NUMMI the workers develop their own work rules. (To do this, formal work rules must be few and job classifications very flexible.) If a worker thinks he has a better way to do a job, he must convince the team to adopt his method. Job documentation is continually revised based on suggestions. As efficiency is increased, slack is concentrated in one job per team. Mandatory rotation ensures that every worker regularly gets the job with slack time. By concentrating slack into one job per team, productivity improvements become visible to both team members and management. As more slack develops, the line is rebalanced among teams, and labor is removed from the line.7
The differences in team sizes between NUMMI and other GM plants employing team systems raise a question about one of the authors' dependent variables-the number of first-line supervisors per one hundred production workers. They intepret a lower value of this variable as being associated with better performance. But is it? Our experience suggests that it is difficult in team systems, especially as employed at NUMMI, to identify just who is a first-line supervisor. The team leader at NUMMI is an hourly worker but performs important supervisory functions. If the team leader is considered a first-line supervisor, the ratio of such supervisors to production workers is 1 to 5 at NUMMI, much higher than would be the average for other GM plants (even plants that also employ teams). Yet I certainly would not conclude that NUMMI was 7. This rebalancing and removal of labor from the line does not lead to layoffs. NUMMI is committed to maintaining employment in the plant except in extraordinary circumstances and has done so in the face of major cutbacks in demand for its products. peiforming poorly because of this. Consider also the matter of adjusting assembly hours per vehicle for differences in vehicle complexity. The authors do this in the regressions whose results are reported in table 4. But they do not do so in the critical table 3 regressions.8 They justify this omission by expressing concern about the validity of the way the company whose plants they surveyed corrected for vehicle complexity.
Based on their description of this correction method, I share their concerns. But the solution is not to avoid correction altogether. That implies that, all else held equal, a complex car such as the Cadillac Seville should take the same number of hours to assemble as a relatively low-content Chevrolet Cavalier. This is obviously incorrect, and the failure to make some sort of adjustment for complexity renders the table 3 results highly suspect.
Finally, this paper reflects an increasingly outdated mind set. It embodies the adversarial tradition that historically has characterized American labor-management relations. This is explicit even in the way the variables are constructed. The authors divide them into those "favorable to management" and those "favorable to labor." What we in the auto industry are learning is that this sort of adversarial thinking will no longer work. GM's recent agreement with the UAW, as well as what has been learned from NUMMI and other examples, should be interpreted in that light. If we are to compete successfully with the transplant facilities that are springing up throughout North America, not to speak of the facilities that are being built elsewhere around the globe, we must change both our industrial relations practices and our management practices. Team systems are likely to be an important part of this change. But by themselves they will accomplish little. The Katz, Kochan, and Keefe paper performs an important service by emphasizing that fact.
General Discussion
The authors and other participants agreed that the most surprising result of the study was the failure to find evidence that the use of teams contributes to plant productivity. Harry Katz suggested that this failure 8. To repeat. this is the only set of equations in which the Teamtis variable is statistically significant. may be a consequence of the particular way the use of teams was identified and measured-in effect, a team structure was inferred from the presence of certain work practices and work rules. This approach was limiting, the authors conceded, adding that their results must be interpreted in that light.
Kim Clark suggested that a straightforward way to interpret the authors' results would be to take seriously the implication that, in fact, teams do not improve performance, at least teams as they are implicitly defined by the authors' methodology. Rather, he suggested, what really matters may be the effects of worker participation and the integration of the people into the production process-both of which could be achieved with different work structures. One way to test this might be for the authors to decide more specifically what they think a team system is and then split the sample into those plants with teams and those without. He also suggested that the use of team systems may have a more important influence in dimensions of quality not picked up in the data, such as the ability of the plant to adapt to change or respond to unexpected events.
Similarly, Thomas Kochan noted that related work by John Krafcik attempted to measure notjust the presence of teams, but how well teams are integrated into the manufacturing process. The degree of integration, Kochan added, is critical to understanding the role of teams. But he doubted that companies are systematic in integrating their choices of technology or other aspects of their production process with their human resource management. Some plants have made massive investments in technology without fundamentally altering their labor force or their labor-management relations, while others have made moderate changes and still others have made major changes.
Katharine Abraham took issue with Edward Lazear's argument that a reduction in the number of labor hours required per automobile might not constitute an improvement in productivity because it may involve a cost trade-off somewhere else, perhaps, for example, in higher wages. Since this study involved plants from a single firm, she pointed out, wages were uniform among the plants in the sample, so that a reduction in labor hours clearly represented a decline in labor cost. Lazear responded that the "wage," even if uniform across plants, is affected by average hours. A change in hours may affect the average wage paid within the firm. Additionally, the reported wage is likely to be some aggregate of the wages of various worker types, which would reinforce the validity of the point. Paul Joskow was puzzled by the evidence of significant and persistent productivity differences among plants in the same firm and suggested that the study would be illuminated by some discussion of how work rules are chosen, and how they are diffused among plants within the firm.
Robert Crandall raised questions about the heterogeneity of the sample, noting that the choice of technology in a plant might be endogenous with respect to labor-market conditions and therefore correlated with some of the explanatory variables. Since the type and quantity of capital used in the plant would also affect the measures of productivity used as dependent variables, this would confound the reported results. He also noted that the study failed to control for variations in the quality of the labor force. Katz noted that labor-quality measures exist, but were not made available to the researchers, so that this adjustment could not be made.
